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Introduction
Since implants are popularly applied as orthodon-
tic anchorage devices,1−3 miniscrews are applied 
in various locations in alveolar bone.4−7 Compared 
with dental implants and microplates, miniscrews 
are smaller in size, cheaper, and easier to insert 
and remove.8,9 Although there are many benefits 
of using miniscrews instead of other temporary 
anchorage devices (TADs), anatomic sites for safe 
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insertion are still being discussed in recent 
years.10−13
Because of the risk of injuring the root while in-
serting a miniscrew in the dental alveolar area, 
many kinds of the insertion guides that are re-
corded on radiographs were developed.14−20 Among 
all of those techniques, some require computed to-
mography (CT),21,22 which entails a relatively high 
cost and increased radiation exposure.20,23−27
Recent studies established CT as a useful tech-
nology to evaluate intraoral hard tissues and the 
best location for implant placement.10,11,13,21,22,28 
Advantages of three-dimensional (3D) imaging are 
numerous.29 Studies showed that radiation expo-
sure is much lower for cone beam CT (CBCT) than 
for medical CT, and closer to the range of standard 
dental film series.30,31 Presently, although the exist-
ing orthodontic patient data were primarily based 
on two-dimensional (2D) imaging records, CBCT has 
led to a multitude of clinical applications across all 
dental disciplines. CBCT data allow measurement 
of any area in the scanned volume with increased 
accuracy and without the projection or superimpo-
sition errors of 2D techniques; therefore, 3D imag-
ing can provide more-extensive and more-detailed 
patient evaluations.32
Since the inter-alveolar spaces increase in mesio-
distal width from the cementoenamel junction to the 
apical region,11,33,34 some studies suggested only plac-
ing TADs in apical regions, rather than in the cervi-
cal region, to decrease the risk of encountering tooth 
roots.20,35 However, the best way to prevent root 
injury is not to insert a miniscrew in the inter-
radicular area, which means the intra-alveolar area.13
Extra-alveolar sites for TADs are strongly rec-
ommended when considering the risks of encoun-
tering tooth roots.20,33 In addition, TADs in these 
areas can provide easier and wider applications in 
tooth movement, such as posterior segment in-
trusion,36,37 anterior teeth retraction,37 impacted 
second molar uprighting,38 maxillary molar distal 
movement,28,39 and mandibular molar distal move-
ment.40 TADs in the inter-radicular area can some-
times impede tooth movement, when a tooth has 
not moved a sufficient distance to an ideal position 
and is already touching the TAD, a situation that 
could never occur if the TAD were placed in the 
extra-alveolar region.
Hard-tissue quality and quantity affect the suc-
cess rates of TADs.41 With thin cortical bone and 
low-density trabecular bone, TAD insertion loading 
strain values may exceed the level of microfractures, 
thus leading to screw loosening.42 Several studies 
evaluated the cortical bone thickness at various inter-
radicular areas.10−12,43,44 However, few reports eval-
uated hard-tissue thicknesses of extra-alveolar 
areas.13,45,46
With CBCT images, we evaluated extra-alveolar 
sites for TADs. The aim of this study was to evalu-
ate extra-alveolar TAD insertion sites by CBCT. Ten 
extra-alveolar regions of interest (ROIs) were cho-
sen based on clinical anchorage requirements, with 
particular emphasis on measuring the cortical bone 
thickness and acquired bone depth. The perfora-
tion ratios with different lengths of TADs were also 
calculated.
Materials and methods
The craniofacial morphology of 10 adult Taiwanese 
(5 women and 5 men, with a mean age of 28.7 ± 5.21 
years) with no craniofacial anomalies or trauma or 
systemic diseases was selected from a CBCT (i-CAT 
imaging system; Imaging Sciences International, 
Hatfield, PA, USA) databank. The CBCT settings were 
120 kVp and a constant-potential voltage wave-
shape of 3−8 mA. The source-to-sensor distance was 
27 inches (68.5 cm) with scan time of 40 seconds 
and single 360º rotation for image acquisition. The 
primary reconstruction was 2 minutes, and voxel 
size was 0.4−0.2 mm. Multi-planar reformatting of 
those obtained data and ROI measuring were per-
formed with the i-CAT imaging system.
Images of specific regions were simultaneously 
displayed with their panoramic, axial and sagittal 
slices so that each specific ROI could be accurately 
located (Fig. 1). The images were respectively ad-
justed to the exact tissue threshold of different 
ROIs. By adjusting the image size, brightness and 
contrast with i-CAT Vision (Imaging Sciences Interna-
tional), the hard- and soft-tissue margins were de-
finitively marked as shown in Fig. 2.
Ten extra-alveolar ROIs, chosen for the study of 
hard and soft tissues, were determined by the ver-
satility of clinical use.13,28,36−40,47 The terminologies 
for the anatomic ROIs below were based on stan-
dard definitions but modified to narrow the ROI for 
clarity.13,47 Furthermore, these ROIs were divided 
into single and dual sites. Single sites, which were 
located in the anatomic sagittal plane, included 
the incisive fossa, premaxillary region, midpalatal 
region, and symphysis. Dual sites, which were lo-
cated symmetrically on both sides of the coronal 
plane, included the canine fossa, infrazygomatic 
(IZ) crest, anterior external oblique ridge (AEOR), 
retromolar area, and sublingual fossa.
Anatomic ROIs
Maxilla (3 facial and 2 palatal)
The incisive fossa is limited distally by the canine 
eminence, inferiorly by the apices of the incisors, 
and superiorly by the nasal cavity (Figs. 2A and 3A). 
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The canine fossa is limited medially by the canine 
eminence, inferiorly by the apex of the first premo-
lar, and distally by the medial portion of the maxil-
lary sinus (Figs. 2B and 3B). The IZ crest is limited 
distally by the zygomatic crest, inferiorly by the 
apex of the mesial root of the first molar, and su-
periorly by the medial portion of the maxillary sinus 
and the projecting zygomatic process (Figs. 2C and 
3C). The premaxillary region is the paramedial 
area in the premaxilla region of the palate, limited 
laterally by the incisors and canine roots and me-
dially by the incisive foramen (Figs. 2D and 3D). 
The midpalatal region is limited anteroposteriorly 
between the first and second premolars and medio-
laterally by the midpalatal suture (Figs. 2E and 3E).
Mandible (4 facial and 1 lingual)
The symphysis is limited bilaterally by the canine 
eminences, inferiorly by the mental tubercles, and 
superiorly by the incisor apices (Figs. 2F and 3F). 
The canine fossa is limited mesially by the canine 
eminence, distally by the mental foramen, superi-
orly by the first premolar apex, and inferiorly by 
the mandibular inferior border (Figs. 2G and 3G). 
Fig. 1 Specific regions accurately located by software.
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Fig. 2 Computed tomography transaxial section images of the regions of interest. (A) Incisive fossa, (B) canine fossa, 
(C) infrazygomatic crest, (D) premaxillary region, (E) midpalatal region, (F) symphysis, (G) canine fossa, (H) anterior 
external oblique ridge, (I) retromolar area, (J) sublingual fossa.
24 Y.J. Chen et al
The AEOR is limited laterally by the external ob-
lique ridge and medially by the crestal bone of the 
second molar (Figs. 2H and 3H). The retromolar area 
is limited mesially by the distal surface of the sec-
ond molar, laterally by the external oblique ridge, 
and superiorly by the ascending ramus (Figs. 2I and 
3I). The sublingual fossa is limited anteriorly, pos-
teriorly, and superiorly by the apical portion of the 
first and second premolar roots (parallel to the 
tooth long axis) (Figs. 2J and 3J), and inferiorly by 
the mandibular inferior border.
Measurements
Reference lines for all 10 ROI measurements were 
established and drawn in transaxial sections at 45º 
on the maxilla or at 30º on the mandible relative 
to the long axis of the adjacent teeth, except for 
the retromolar area and midpalatal region.47 In the 
retromolar area, the measurement was taken par-
allel to the long axis of the adjacent molar (Fig. 2I), 
while in the midpalatal region, it was taken per-
pendicular to the occlusal plane (Fig. 2E).
To calibrate the 10 ROI sites for each image, i-CAT 
Vision software was used. First, the slice control 
bar, found in various views and positions through-
out the program, was dragged to decrease the slice 
thickness to 0.2 mm. Then, to make a linear mea-
surement, the “Distance” function was selected, 
and a measurement in millimeters appears in the 
upper corner of the image. Data were the average 
of three measurements in the same locations by 
the same examiner.
Bone depths were measured for all 10 ROIs; in 
the meanwhile, soft-tissue depths were only quan-
tified in the premaxillary and midpalatal regions, 
and the cortical bone thicknesses were measured 
in all other eight sites by CBCT.
Statistical analysis
Descriptive statistics included the mean, stan dard 
deviation, and minimum and maximum values, 
which are listed in Table 1. All statistical analyses 
were carried out using SPSS version 13.0 (SPSS Inc., 
Chicago, IL, USA). For each ROI, both the left- and 
right-side thicknesses (mm) were measured. Com-
parisons of measurements between sexes were 
performed with the Wilcoxon rank sum test. The 
Wilcoxon signed rank test was used for the paired 
data of labial and lingual cortical bone thicknesses, 
and for premaxilla and midpalatal soft-tissue 
thickness comparisons. All values compared with a 
P value < 0.05 were considered to differ statisti-
cally and significantly.
Results
The data showed that there were no differences 
between the right and left sides (P > 0.05) for bone 
depth or cortical bone thickness at each ROI. The 
right and left measurements were, therefore, pooled 
together for the descriptive statistics (Table 1).
In the comparison between sexes, there were 
no significant sex differences in most of the mea-
surements, except for the cortical bone thickness 
of the AEOR and the lingual cortical bone thickness 
of the symphysis (Table 2). The cortical bone thick-
ness of the AEOR in the male group was thicker 
than that of the female group (P = 0.009); in con-
trast, the lingual cortical bone thickness of the sym-
physis in the female group was thicker than that of 
the male group (P = 0.046).
Among the pairwise comparisons, the soft-tissue 
thickness of the premaxillary area was significantly 
thicker than that of the midpalatal area (P < 0.05); 
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Fig. 3 Anatomic locations of regions of interest. (A) Incisive fossa, (B) canine fossa, (C) infrazygomatic crest, (D) pre-
maxillary region, (E) midpalatal region, (F) symphysis, (G) canine fossa, (H) anterior external oblique ridge, (I) retro-
molar area, (J) sublingual fossa.
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and the lingual cortex thickness was thicker than 
that of the labial in the symphysis area (P < 0.05) 
(Table 2). The perforation ratios for different TAD 
lengths are presented in Table 3. No perforation of 
the maxillary ROI was found when the length of 
the TAD was 6 mm, except for in the IZ crest area. 
In the mandibular ROI, the only possible perfora-
tion area was the canine fossa area when using an 
8-mm TAD.
Discussion
Compared with traditional orthodontic radiographs, 
CBCT provides images without magnification and 
superimposition errors, and also 3D imaging and 
volumetric information. The versatility of CBCT to 
evaluate hard-tissue availability in an ROI was 
noted.45,48 The soft-tissue depth evaluation is re-
corded by piercing the mucosa with a needle until 
the attached rubber stop rests on the mucosa.49,50 
By adjusting the tissue threshold, the soft-tissue 
thickness can be easily measured from the CBCT 
image with no invasive clinical procedures. The 3D 
image is reconstructed by discrete data divided into 
voxels; although inadvertent selection of the near-
est neighbor point occurs, a minimal voxel size helps 
reduce such errors.51 In addition, the amount of 
CBCT radiation the patient receives is less than that 
with other types of tomography.52
TAD insertion sites can be divided into two cat-
egories: inter-radicular and extra-alveolar areas. 
Extra-alveolar insertion sites, which can minimize 
the risks of root injury,2,34,53 might allow the force 
direction to be closer to the center of resistance in 
some situations.4,18
Another substantial issue in this study is the TAD 
insertion angle, which can directly influence the 
available depth of the hard tissue. Clinically, in 
order not to cause root injuries, it is easier for cli-
nicians to use the long axis of neighboring teeth as 
a guide to perform insertion of a TAD. Therefore, 
all insertion angles for each ROI mentioned in this 
study were based on previous studies with the neigh-
boring teeth as a guide.9,13,46
In the present study, the average bone depths 
were around or > 10 mm, except for the IZ crest and 
midpalatal region; the average cortical bone thick-
nesses were around or > 2 mm, except for the inci-
sive fossa, IZ crest, and midpalatal region (Table 1). 
The bone depth of the IZ crest should be at least 
6 mm to adequately sustain a miniscrew throughout 
treatment.46 The average bone depth of the IZ crest 
in this study was 5.89 mm; the bone depth of the IZ 
crest in the male group was longer than 6 mm, but 
not that in the female group (Table 2). It was sup-
posed that the variation in IZ crest thickness might 
be due to variations in the maxillary sinus among 
individuals.54 There was no sex difference (P = 0.09) 
in the cortical bone thickness of the IZ crest.
In a previous study based on 20 Caucasian males, 
the recommended lengths of the TAD for the maxi-
llary incisive fossa and symphysis differed.13 The 
length of the TAD for the symphysis could be longer 
than that of the incisive fossa in white males. 
Similar results were also found in our study. The 
mean bone depth was thicker at the symphysis 
than the incisive fossa (Table 1).
Table 1. Hard- and soft-tissue thickness measurements for each region of interest (ROI)
 Bone depth (mm) Cortical bone thickness (mm)
ROI
 Mean SD Max Min Mean SD Max Min
Maxilla
  Incisive fossa 10.41 2.69 16.2  7.4 1.92 0.33 2.5 1.3
  Canine fossa 10.93 3.57 17.0  5.6 2.75 0.67 4.5 1.8
  Infrazygomatic crest  5.89 3.92 18.5  3.1 1.96 0.37 3.2 1.4
  Premaxillary region 10.21 2.43 14.8  7.2 4.39* 0.58 5.6 3.4
  Midpalatal region  6.95 1.25  8.8  4.9 1.37* 0.31 1.7 0.8
Mandible
  Symphysis 12.79 1.6 14.5  9.1 2.11† 0.42 2.8 1.4
  Symphysis (labial)     3.91† 0.69 5.0 2.7
  Canine fossa 10.19 1.81 13.0  6.9 3.58 0.74 4.9 2.0
  Retromolar area 14.73 2.04 17.8 10.4 4.36 1.18 7.0 2.8
  Sublingual fossa 11.51 2.07 15.1  8.4 4.27 0.75 5.4 2.9
*Only the soft-tissue thicknesses were measured and compared with each other (P = 0.005), not cortical bone depths; †the lingual 
cortical bone thickness was measured and compared with that of the labial cortex (P = 0.005). SD = standard deviation; Min = 
minimum; Max = maximum.
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The cortical bone thickness of the lingual sym-
physis and AEOR showed a significant difference 
between sexes. The female lingual symphysis cor-
tex was thicker than that of males, whereas males 
had a thicker cortex in the AEOR (Table 2). A re-
cent study also reported that the cortex was thin-
ner in females than in males in the posterior buccal 
regions.55
To adequately sustain a TAD throughout treat-
ment, a mechanical lock is needed, rather than bone 
integration as with dental implants. The amount of 
cortical bone in contact with the TAD threads plays 
an important role in mechanical locking.56 Further-
more, this mechanical lock can be either a unicor-
tical or bicortical anchorage. A unicortical anchorage 
means that the TAD penetrates only one cortical 
plate, whereas with bicortical anchorage, the TAD 
is long enough to penetrate two cortical plates. 
For example, if the TAD is long enough, it can pen-
etrate the buccal cortical plate and bone marrow 
and embed into the lingual cortical plate at the 
symphysis. Clinically, it is important for clinicians 
to be familiar with the anatomy of TAD insertion 
sites. When a unicortical anchorage is needed, a 
TAD length of up to 10 mm is not recommended for 
all ROIs, except in the retromolar area. As for bicor-
tical anchorage, the clinician must know the exact 
bone depth to prevent soft-tissue perforation on the 
opposite side.
As to soft-tissue concerns, TADs are inserted in 
the keratinized gingival tissue area and designed 
with a smooth neck for most applications.9 How-
ever, placing a TAD in some extra-alveolar areas 
could potentially cause mucosal inflammation. Al-
though a specially designed appliance was used 
to prevent associated problems, a complicated de-
sign can cause food impaction and discomfort.13 
An other way to prevent inflammation is to place 
the TAD in the mobile mucosa, that is, cover the 
screw head beneath the mucosa with an extension 
for force application. In the presented results, the 
premaxillary soft tissue was statistically thicker 
than that of the midpalate, showing that a TAD 
with a longer smooth neck design should be con-
sidered in the premaxillary region.
In conclusion, CBCT provides a better clinical 
evaluation than traditional radiographs. The results 
validate these 10 extra-alveolar regions as being 
safe host sites for a TAD. In order to reduce the 
risks of perforation, different lengths of TADs rang-
ing 6−10 mm are recommended for these 10 ROIs. 
The soft tissue depth in the palatal area is thicker 
in the premaxillary than the midpalatal region. The 
design of TADs for different ROIs should take both 
hard- and soft-tissue thicknesses into considerations 
to reduce clinical complications. As for the length 
selection of TADs, individual evaluation should be 
of concern to clinicians.
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Table 3. Numbers and ratio of perforations for incremental length of the temporary anchorage devices
 4 mm 6 mm 8 mm 10 mm 12 mm
ROI
 No. % No. % No. % No. % No. %
Maxilla
  Incisive fossa* 0/10 0 0/10 0 1/10 10 6/10 60 8/10 80
  Canine fossa† 0/20 0 1/20 5 5/20 25 9/20 45 11/20 55
  Infrazygomatic crest† 6/20 30 16/20 80 18/20 90 18/20 90 18/20 90
  Premaxillary region* 0/10 0 0/10 0 3/10 30 5/10 50 8/10 80
  Midpalatal region* 0/10 0 2/10 20 8/10 80 10/10 100 10/10 100
Mandible
  Symphysis* 0/10 0 0/10 0 0/10 0 1/10 10 2/10 20
  Canine fossa† 0/20 0 0/20 0 2/20 10 9/20 45 17/20 85
  AEOR† 0/20 0 0/20 0 0/20 0 1/20 5 3/20 15
  Retromolar area† 0/20 0 0/20 0 0/20 0 0/20 0 3/20 15
  Sublingual fossa† 0/20 0 0/20 0 0/20 0 5/20 25 13/20 65
*Single sites; †dual sites, including both right and left sides. AEOR = anterior external oblique ridge.
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